The renin angiotensin aldosterone system (RAAS) plays a vital role in regulating glucose metabolism and blood pressure, electrolyte and fluid homeostasis. The aim of this systematic review is to assess the association of the RAAS genes with diabetes mellitus (DM) and its complications of retinopathy, neuropathy and cardiovascular disease (CVD). Materials and Methods: The relevant English-language studies were identified using the key words of DM, type 1 diabetes mellitus (T1DM), T2DM, renin angiotensin aldosterone polymorphisms or genotypes and RAAS from the search engines of MEDLINE/PubMed, and Scopus from January 1, 1995 to July 30, 2014. Inclusion criteria for selecting relevant studies were reporting the role of RAAS gene variants in the pathogenesis of T1DM or T2DM, diabetic retinopathy (DR), diabetic neuropathy and cardiovascular complication of DM. Results: The reviewers identified 204 studies of which 73 were eligible for inclusion in the present systematic review. The review indicates the angiotensinogen (AGT) M235T polymorphism might not affect the risk of DM. The role of angiotensin converting enzyme insertion/ deletion (ACE I/D) and angiotensin II type 1 receptor gene (AT1R) A1166C polymorphisms in the pathogenesis of DM could not be established. Studies indicate the absence of an association between three polymorphisms of AGT M235T, ACE I/D and AT1R A1166C and DR in DM patients. A protective role for ACE II genotype against diabetic peripheral neuropathy has been suggested. Also, the ACE I/D polymorphism might be associated with the risk of CVD in DM patients. Conclusion: More studies with adequate sample size that investigate the influence of all RAAS gene variants together on the risk of DM and its complications are necessary to provide a more clear picture of the RAAS genes polymorphisms involvement in the pathogenesis of DM and its complications.
to DM suggest the role of genetics in the etiology of DM. [2] The renin angiotensin aldosterone system (RAAS) is considered as an endocrine system that plays a vital role in regulating blood pressure, electrolyte and fluid homeostasis. The genes of RAAS have important roles in glucose metabolism and regulation of blood pressure. Activation of RAAS leads to elevated levels of the main vasoconstrictor peptide of the angiotensin II (Ang II). Ang II affects glucose homeostasis and is involved in the pathogenesis of DM through inhibition of insulin signal transduction, reduction of glucose uptake, resistance to insulin, and destroying the beta cells of pancreas by inducing oxidative stress.
INTRODUCTION
Diabetes mellitus (DM) is the main problem of public health with significant economic burden worldwide. It is estimated there will be 552 million people with diabetes until 2030. DM patients have a susceptibility to develop microvascular complications such as retinopathy, and neuropathy and macrovascular complications of cardiovascular disease (CVD), stroke and peripheral arterial disease. [1] Retinopathy is the most common complication of DM. Around 30% of DM patients suffer from some forms of neuropathy. [2] A higher risk of diabetes development in those individuals with a family history of DM, the absence of diabetes micro-and macro-vascular complications in some patients in spite of poor glycemic control and ethnic dependent susceptibility have been associated with DM and its complications and inhibition of RAAS has prevented the incidence of DM and its complications. [4, 5] The knowledge of functional role of RAAS gene variants in the risk of incidence and progression of DM and inter individuals' differences in susceptibility to DM and development of its microand macro-vascular complications will help to develop personalized medicine in the management of DM and its complications.
The present review will discuss the role of RAAS gene variants in the pathogenesis of DM, diabetic retinopathy (DR), diabetic neuropathy and cardiovascular complication of DM.
MATERIALS AND METHODS

Literature search
The relevant English language publications were identified from the search engines of MEDLINE/PubMed, and Scopus from January 1, 1995 to July 30, 2014 . Using the key words of DM, type 1 diabetes mellitus (T1DM), T2DM, renin angiotensin aldosterone polymorphisms or genotypes and RAAS, 204 original, meta-analyses and review articles were identified of which 73 were eligible for inclusion in the present systematic review that includes some complimentary articles of the reference list of the selected articles.
Inclusion and exclusion criteria
Inclusion criteria for selecting relevant studies were reporting the role of RAAS gene variants in the pathogenesis of T1DM or T2DM, DR, diabetic neuropathy and cardiovascular complication of DM. Non-English language studies, unpublished studies and the articles that have reported the influence of RAAS gene variants in the pathogenesis of diabetic nephropathy, end-stage renal disease, renal and cerebrovascular complications of DM were excluded from the study.
Renin angiotensin aldosterone system cascade
Reduction in blood pressure and renal perfusion results in secretion of the renin enzyme from the juxtaglomerular cells of the kidney. The renin, an aspartyl protease, degrades AGT to inactive decapeptide of Ang I. The Ang I is converted to an active octapeptide of Ang II by ACE. Ang II increases the aldosterone secretion, elevates blood pressure and inhibits renin secretion. Further, Ang II is a vasoconstrictor peptide affects the releasing catecholamines from the adrenal medulla and prejunctional nerve endings. The ACE 2 degrades the Ang II to Ang (1-7) [ Figure 1 ]. The Ang (1-7) through binding to its G-protein coupled receptor of the mass exerts vasodilatory, antiproliferative and apoptotic functions. [6] Local renin angiotensin aldosterone system All components of the systemic RAAS are present in local or tissue RAAS. Local RAAS is regulated independent of systemic RAAS. The local RAAS has been found in kidneys, heart, blood vessels and many other tissues. It has been suggested that the effect of ACE insertion/deletion (I/D) variants on the progression of renal diseases could be independent of plasma levels of renin and angiotensins that might be attributed to the presence of intrarenal RAAS. [7] Renin angiotensin aldosterone system, insulin signal transduction and diabetes mellitus In diabetic patients hyperglycemia increases tissue Ang II that induces oxidative stress, glomerular hyperfiltration, endothelial damage, thrombosis, inflammation and vascular remodelling. [8] Activation of the RAAS and enhanced production of Ang II has an inhibitory effect on insulin signal transduction pathway. The Ang II prevents insulin receptor substrate-1 (IRS-1) phosphorylation with the subsequent decrease in phosphatidylinositol 3 kinase and also it reduces glucose uptake through GLUT4 that resulted in insulin resistance. Further, Ang II increases reactive oxygen species which leads to damaging the pancreatic β-cells and may indirectly impair insulin secretion from the pancreas through vasoconstriction and reduction in islet blood flow. Chronic exposure to high levels of glucose and fat induces oxidative stress, inflammation and apoptosis with participation of Ang II through AT1R in β-cells of pancreas. All these effects resulted in the development of DM. [3] In animal studies chronic infusion of Ang II increases superoxide production through NADH/ NADPH oxidase. [9] The other component of the RAAS, aldosterone, decreases the insulin secretion from β-cells in a mechanism involves oxidative stress. Decreased production of Ang II and aldosterone or inhibition of both receptors of AT1R and mineralocorticoid has been improved insulin sensitivity in both in vivo and in vitro studies. [10] It has been demonstrated that the inhibition of RAAS by ACE inhibitors (ACE I) or AT1R blockers prevents the adverse effects of Ang II on glucose metabolism and insulin resistance and reduces the incidence of new-onset T2DM in individuals with hypertension and CVD. [3] The role of RAAS in the pathogenesis of insulin resistance in T2DM has been demonstrated in clinical trial studies using ACE I or Ang II receptor blockers (ARB). In T2DM patients, the benefit effects of ACE I or ARB on the metabolic pathways, cardiovascular and chronic kidney disease have been demonstrated. [11] RAAS blockers prevent insulin resistance in some, but not all T2DM patients indicating interindividual variability. Results of a meta-analysis indicated that the treatment of nondiabetic individuals with ACE I and ARB decreased the risk of T2DM. [12] Renin and prorenin The renin gene is one of the candidate genes for saltsensitive hypertension in animal studies. This gene locates on chromosome 1q32 contains 10 exons and encodes the inactive precursor of prorenin and also expresses renin. [13] The renin has an important role in the regulation of blood pressure and sodium homeostasis. In DM, elevation of Ang II inhibits renin secretion from juxtaglomerular cells and at the same time it enhances the secretion of prorenin from collecting ducts of the kidney. [14] The increased levels of prorenin and renin have been observed in T1DM patients. Also, in microvascular complications of DM, retinopathy, the plasma level of prorenin is increased. [15] Angiotensinogen The rate-limiting step of the RAAS is the enzymatic cleavage of AGT by renin and conversion of AGT to Ang II, which plays a primary role in the regulation of blood pressure. Polymorphisms in the promoter region of AGT are of significance because they may influence the strength of the AGT promoter and consequently, the levels of AGT and Ang II. [16] 
Angiotensinogen M235T
The most studied polymorphism of AGT M235T locates on chromosome 1q41-q45 (rs699) and encodes threonine instead of methionine. The presence of AGT 235T allele is associated with increased plasma level of AGT. Although, the AGT M235T polymorphism has been complicated in the pathogenesis of arterial hypertension [17] but it has not been associated with hypertension in T2DM patients. [18] There are controversial reports related to the role of AGT M235T in susceptibility to DM and its complications [ Table 1 ].
Angiotensinogen M235T and diabetes mellitus
A relationship between the AGT gene, AGT levels, and insulin sensitivity in humans has been suggested with an association between AGT M235T polymorphism and increased insulin resistance. [11] Lack of association between AGT M235T with T2DM in Caucasian population has been reported. [17, 19, 20] Also, the AGT M235T polymorphism was not associated with T2DM in Mexican American families [21] and Chinese with T2DM. [22] Further, in a cohort study among Caucasian women without DM this polymorphism was not associated with the occurrence of T2DM. [23] However, among Tunisians the AGT 235T allele was significantly associated with the risk of T2DM. [24, 25] Many reports including large cohort studies in diabetic patients indicate the lack of an association between the AGT M235T polymorphism with the risk of DM.
Angiotensin converting enzyme gene
The ACE is a key RAAS component and plays an important role in blood pressure homeostasis by generating the vasoconstrictor peptide Ang II and by inactivating the vasodilator peptides bradykinin and Ang-(1-7). [32] Angiotensin converting enzyme insertion/deletion The ACE gene locates on chromosome 17q23 comprises 26 exons and 25 introns. [33] More than 160 polymorphisms have been known for the ACE gene that the most of them are single nucleotide polymorphisms. [34] The most studied polymorphism of ACE is an I/D polymorphism (rs1799752) consisting of 287-bp within intron 16. [35] This polymorphism was firstly described by Rigat et al. [36] and its presence is associated with higher plasma ACE activity. The presence of D allele is associated with highest ACE activity compared to the presence of I allele with the lowest ACE activity. [36, 37] This polymorphism contributes in the pathogenesis of DM and its complications. ACE DD genotype has been associated with lower response to insulin in an oral glucose tolerance test in T2DM patients. [38] Angiotensin converting enzyme insertion/deletion and susceptibility to diabetes mellitus The role of ACE I/D polymorphism in the pathogenesis of DM and its complications in various populations are demonstrated in Table 2 . In Chinese, Turkish and Malaysian patients the DD genotype of ACE was linked to increased risk of T2DM. [22, 39, 40] Also, the frequency of ACE D allele was significantly higher in T2DM patients than healthy individuals of Tunisian population. [25] Further, the DD genotype of ACE I/D polymorphism increased the susceptibility to T2DM in two ethnic groups of Arabs and Berbers from Tunisia. [41] In contrast, in another study among Tunisians this polymorphism was not a susceptibility factor for T2DM. [42] The ACE I/D polymorphism was not linked to T2DM in Caucasian Mediterranean population and Mexican American families [20, 21] and was not involved in the occurrence of T2DM in Caucasian women. [23] Also, a recent metaanalysis indicated the absence of association between ACE I/D polymorphism and susceptibility to T2DM in Chinese population. [43] Conversely, a study from China reported that the frequency of ACE D allele was lower in T2DM patients, and the ACE II genotype was significantly prevalent in patients compared to controls. [44] The certain role of ACE I/D polymorphism in the pathogenesis of DM could not be confirmed.
A gender effect of ACE I/D polymorphism on the Ang I level has been reported with a higher level of Ang I in women carriers of DD genotype than men carriers of the same genotype.
[53] Also, among Chinese T2DM patients only in females the ACE I/D polymorphism were associated with T2DM. [45] Angiotensin II type 1 receptor gene Angiotensin II acts through two major subtypes G-protein coupled receptors of AT1R and AT2R. Both AT1R and AT2R are involved in the control of hypertension. The AT1R gene locates on chromosome 3q21-q25 and consists of five exons, four of which are untranslated and alternatively spliced. [25] The AT1R A1166C polymorphism (rs5186) was described by Bonnardeaux et al. [54] This polymorphism locates in the 3′-untranslated region of AT1R gene and may be involved in posttranscriptional modification of AT1R mRNA.
[55] Table 3 indicates the main studies which examined the role of AT1R A1166C polymorphism in the risk of DM and its complications. Two studies from India reported an association between AT1R 1166 C allele with T2DM. [56, 57] Among Tunisians AT1R 1166C allele was associated with a significant risk of T2DM. [25] The lack of association between AT1R A1166C with the risk of DM among Mexican American families [21] and Chinese [22] with T2DM has been reported. Also, in a cohort study of Caucasian women this polymorphism was not associated with the occurrence of T2DM. [23] 
Angiotensin II type 2 receptor gene
The AT2R inhibits cell proliferation, mediates apoptosis and works cardio protectively against AT1R. The activation of AT2R has opposite effects of AT1R and decreases blood pressure through inhibition of renin biosynthesis and secretion from juxtaglomerular cells and causes vasodilation and natriuresis. AT2R is important for hemodynamic control of hypertension by vasodilation. [21] The AT2R gene locates on the chromosome X at the locus Xq23-26 and consists of three exons and two introns. A common AT2R G-1332A (G1675A) polymorphism (rs14035430) locates within intron 1 and is designated as G-1332A. [21, 55] Angiotensin converting enzyme 2 gene The ACE2 is a new member of RAAS that shares 42% homology with ACE. The ACE2 gene locates on chromosome Xp22 and encodes ACE2 enzyme. ACE2 cleaves Ang I to Ang (1-9) and efficiently degrades Ang II to vasodilator peptide of Ang (1-7). ACE2 might be considered as a compensatory mechanism for hyperglycemia induced RAAS activation. ACE2 overexpression ameliorates the impaired glucose homeostasis by reducing fasting blood glucose and improvement of glucose tolerance in diabetic mice. ACE2 could be a novel target for the prevention of β-cell dysfunction in T2DM. [59] In human populations, the ACE2 gene is highly polymorphic. The polymorphism of ACE2 G8790A locates in intron 3 and recognizes by Alu I restriction enzyme. In T2DM Chinese patients with and without coronary heart disease, the frequency of alleles and genotypes of G8790A polymorphism was not significantly different. [60] Aldosterone Aldosterone is synthesized by the rate-limiting enzyme of aldosterone synthase (CYP 11B2). [61] Aldosterone affects both blood pressure and glucose homeostasis. In patients with DM, the secretion of aldosterone is increased. [62] Aldosterone through down-regulation of IRS-1 in vascular smooth muscle cells impairs insulin signaling. [6] The CYP11B2 gene locates on chromosome 8q21-q22. The most studied polymorphism of CYP 11B2 is T-344C (rs79998) in the promoter region. In French general population the presence of both polymorphisms of CYP 11B2 T-344C and G3097A was associated with the risk of T2DM in men with a higher risk of T2DM in the presence of TC and CC genotypes and a lower risk in patients' carriers of CYP 11B2 3097 AA genotype. [63] Diabetes mellitus complications Diabetic retinopathy and the renin angiotensin aldosterone system Diabetic retinopathy is the most common vascular complication of both T1DM and T2DM and its prevalence increases with duration of diabetes. Damage of retinal vasculature by hyperglycemia, hypertension and hyperlipidemia are involved in the pathogenesis of DR. Proliferative retinopathy may develop with new vessel formation threaten the vision. [64] Local accumulation of glucose and its metabolite, succinate, through activation of a G-protein coupled receptor (CPR91) triggers the cell to cell signaling that results in prorenin and renin release from juxtaglomerular cells in early diabetes. [14] It has been suggested that abnormal retinal expression of ACE has adverse effects on the retinal blood flow and vascular structure. Both ACE and Ang II increase the level of vascular endothelial growth factors leading to abnormal retinal angiogenesis with increased risk of retinopathy and its progression. ACE I (lisinopril) and AT1R antagonist (losartan) can inhibit abnormal retinal new vessel formation in retinopathy. [64] Both systemic and local RAAS are implicated in the pathogenesis of retinopathy and all components of the RAAS are expressed in retina with highly elevation of renin, ACE, Ang II and AT1R in patients with DR. Although, the retino protective effect of RAAS inhibition in diabetic patients has been demonstrated but due to the presence of local RAAS and blood-retina barrier in the eye which leads to the lack of influence of RAAS blockers on the local RAAS, these blockers are not completely effective. [65] An association between DR and imbalance in local RAAS with a higher ratio of deleterious axis of ACE/Ang II/ AT1R to vasoprotective axis ACE2/Ang (1-7)/Mas has been demonstrated. Increased expression of ACE2/Ang (1-7) conferred protection against DR. [65] The absence of a significant difference in the frequency of ACE I/D variants was identified between Caucasians T1DM patients with and without diabetic proliferative retinopathy. [66] Also, lack of an association between ACE I/D and susceptibility to retinopathy in T2DM patients from Caucasian Mediterranean population has been reported. [20] Further, there was no significant difference between Caucasian T2DM patients and controls related to the frequencies of ACE I/D or AGT M235T variants and also with the risk of retinopathy. [26] Furthermore, in Caucasians with T1DM the AT1R A1166C was not associated with the risk of proliferative retinopathy. [58] No association was detected between ACE I/D, AGT M235T and AT1R A1166C polymorphisms and the risk of retinopathy in Chinese T2DM patients. [27] However, a recent meta-analysis of 17 studies including 1039 cases and 1185 controls revealed an association between the ACE I/D polymorphism with increased risk of proliferative DR among Chinese patients. [46] Diabetic neuropathy and the renin angiotensin aldosterone system The damage of peripheral nerve in diabetes could be attributed to polyol accumulation, advanced glycation endproducts and oxidative stress. Two mechanisms have been suggested to be involved in the pathogenesis of diabetic neuropathy. The first mechanism is the activation of the RAAS in the presence of hyperglycemia with increased tissue level of Ang II. Ang II stimulates NAD (P) oxidase which enhances oxidative stress and vascular damage and leading to diabetic neuropathy. [67] The other mechanism is disturbance in the metabolism and vasculature of nerve tissue in the presence of excessive uptake of glucose. [47] In two studies among T2DM patients, the role of ACE I/D polymorphism in the pathogenesis of diabetic peripheral neuropathy have been indicated with a protective role of ACE II genotype against diabetic peripheral neuropathy in both genders [47] (Pakistan) or only in whites women. [48] In contrast, in a small subset of samples from Japanese with T2DM and without macroalbuminuria, the ACE D allele had a protective role on the polyneuropathy. [49] Infarction of the optic nerve produces a vision loss threatening disease designated anterior ischemic optic neuropathy that has two forms of arteritic and nonarteritic anterior ischemic optic neuropathy (NAION). The AGT M235T and AT1R A1166C polymorphisms were not associated with NAION in a small subset samples. However, ACE I allele was detected as a susceptibility factor for NAION only in young males. Alteration of vascular regulation might be involved in the pathogenesis of disease. The risk of NAION in the presence of ACE I allele might be explained by hypoperfusion and low pressure in the presence of this allele, especially in males. [68] Cardiovascular complication of diabetes mellitus and the renin angiotensin aldosterone system Cardiovascular disease is the major complication of DM that comprises 60% of deaths in T2DM patients. The prevalence of CVD is increasing with evidences of oxidative stress in its pathogenesis. [29, [69] [70] [71] [72] Hyperglycemia activates the tissue and systemic RAAS that is a major mechanism responsible for the development of atherosclerosis in diabetic patients. Since the activation of RAAS by hyperglycemia is different among patients with T1DM, it has been suggested that genetic variations in the RAAS might cause pathologically activation of the RAAS in response to hyperglycemia and the development of CVD. In a follow-up study of T1DM patients, the presence of coronary artery calcification (CAC) as a marker of subclinical coronary artery disease (CAD) was associated with AGT M235T polymorphism. [73] Also, the risk of CAC progression was significantly higher in the concomitant presence of AGT 235TT and ACE ID genotypes. Further, in those T1DM patients without ACEI/ ARB therapy there was an additive effect between AGT TT, ACE DD and AT1R AA/AC genotypes to increase the risk of progression of CAC. These synergistic effects of polymorphisms on the risk of CAC were observed only in the presence of poor metabolic control (HbA1C ≥7%). [73] In Japanese with T1DM, the ACE I/D polymorphism was associated with atherosclerosis family history. [50] However, the single effect of AGT M235T and its interaction with ACE I/D and AT1R A1166C on the risk of CAD in Dutch T1DM patients was not observed. [28] In T2DM patients, some studies indicate the lack of influence of RAAS variants in the risk of CVD. In European American and African American families with T2DM, the ACE I/D, AGT M235T and AT1R A1166C polymorphisms did not affect the risk of subclinical CVD or blood pressure. [29] Further, the ACE I/D polymorphism was not linked to subclinical cardiovascular complication of T2DM in Mexican American families. [21] In contrast, other studies provide an evidence of the association between RAAS gene polymorphisms and the risk of atherosclerosis in T2DM patients. In Chinese T2DM patients, the ACE DD genotype increased the risk of developing CAD. Also, AT2R G1675A polymorphism was associated with the risk of CAD in female patients. [51] Among American men with T2DM the AT1R 1166C allele and among American women the AGT 235T allele was associated with the risk of coronary heart disease. [30] Furthermore, in a cohort study from Netherland the presence of each or three risk variants of ACE I/D, AGT M235T and AT1R C573T in T2DM patients increased the risk of atherosclerosis. [31] Finally, the ACE I/D polymorphism has been associated with multi vessel CAD and myocardial infarction in T2DM patients from India. [52] It seems that only the ACE I/D polymorphism of the RAAS but not AGT M235 and AT1R A1166C polymorphisms be associated with the risk of CVD in DM patients.
CONCLUSION
The role of renin gene variants in the pathogenesis of either DM or its complications needs to be clarified in more studies. However, the AGT M235T has been extensively studied, and its contribution to insulin resistance is suggested but this polymorphism might not affect the risk of DM especially in T2DM. Due to the controversy and the lack of sufficient studies, the role of ACE I/D and AT1R A1166C polymorphisms in the pathogenesis of DM could not be established.
An imbalance in the activation of systemic to local RAAS with a higher ratio of ACE to ACE2 has been implicated in the pathogenesis of DR. Bulk of association studies indicates absence of an association between three polymorphisms of AGT M235T, ACE I/D and AT1R A1166C and DR in both T1DM and T2DM patients.
A protective role for ACE II genotype against diabetic peripheral neuropathy has been indicated. The ACE I/D polymorphism might be associated with the risk of CVD in DM patients. However, the role of AGT M235 and AT1R A1166C polymorphisms in the pathogenesis of cardiovascular complication could not be established.
The controversy related to the influence of RAAS gene variants on the development and progression of DM and its micro-and macro-vascular complications could be attributed to the ethnicity, gender, stages of diabetes complications, the presence of intrarenal RAAS, methodological limitations of the association studies in multifactorial diseases, inadequate sample size, genetic heterogeneity, and the lack of studies which involve the variants of all RAAS genes and their interactions. The possible roles of less studied components of the RAAS such as renin, AT2R and aldosterone synthase variants in the pathogenesis of DM and its complications need to be clarified. The evidences of the possible role of the some RAAS gene variants in the pathogenesis of DM and its complications might be considered in the prevention, management and treatment programs of DM patients.
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